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∑
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∑
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∑
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∏
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Γk−δk[φ0]− Γk[φ0] = Ω (Uk−δk(ρ0)− Uk(ρ0)) . I( '2J
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
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Uk−δk(ρ0)− Uk(ρ0) = 1
2Ω
Tr′ ln
(
δ2Γk
δφis(x)δφ
j
s(y)
)∣∣∣∣∣
φi(x)=φ0
=
1
2Ω
tr′ ln
[(
−2+ U ′′k (ρ0)
)
δ(x− y)
]
+
1
2Ω
tr′ ln
[(
−2+ U
′
k(ρ0)
ρ0
)
δ(x− y)
]
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Uk−δk(ρ0)− Uk(ρ0) = 1
2Ω
∫
d4x
∫ ′ d4p
(2pi)4
< p|ln
[(
− 2+ U ′′k (ρ0)
)]
+ ln
[(
−2+ U
′
k(ρ0)
ρ0
)]
|x >< x|p >
=
1
2
∫ ′ q3dq
(2pi)4
∫ pi
0
dθ
∫ 2pi
0
dφ
[
ln
(
q2 + U ′′k (ρ0)
)
+ ln
(
q2 +
U ′k(ρ0)
ρ0
)]
=
1
16pi2
k3δk
[
ln
(
k2 + U ′′k (ρ0)
)
+ ln
(
k2 +
U ′k(ρ0)
ρ0
)]
.
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∂
∂k
Uk(ρ0) = − k
3
16pi2
ln
[(
k2 + U ′′k (ρ0)
)(
k2 +
U ′k(ρ0)
ρ0
)]
. I( 'J
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gα(i,x) α(j,y) =
∫
dz dt
∂φ(l,z)
∂α(i,x)
∂φ(m,t)
α(j,y)
gφ(l,z) φ(m,t) .
I( '7J
 42ﬃ  1 E
 φ
(1,z) = ρ(z) cos θ(z)
φ(2,z) = ρ(z) sin θ(z)
,
2 4ﬃ4  ﬀ1% 1 ﬀ1ﬂ 01ﬀ2ﬂ E
∂φ(1,z)
∂α(1,x)
= cos θ(z)δ(x − z)
∂φ(1,z)
∂α(2,x)
= −ρ(z) sin θ(z)δ(x− z)
∂φ(2,z)
∂α(1,x)
= sin θ(z)δ(x− z)
∂φ(2,z)
∂α(2,x)
= ρ(z) cos θ(z)δ(x− z)
.
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gα(1,x) α(1,y) =
∫
dz dt
{
∂φ(1,z)
∂α(1,x)
∂φ(1,t)
α(1,y)
+
∂φ(2,z)
∂α(1,x)
∂φ(2,t)
α(1,y)
}
δ(z − t)
=
∫
dz dt
{
cos θ(z)δ(x− z) cos θ(t)δ(y − t) + sin θ(z)δ(x− z) sin θ(t)δ(y − t)
}
δ(z − t)
=
∫
dz
{
cos2 θ(z)δ(x − z)δ(y − z) + sin2 θ(z)δ(x − z)δ(y − z)
}
= cos2 θ(x)δ(y − x) + sin2 θ(x)δ(y − x)
= δ(x− y) .
gα(1,x) α(2,y) =
∫
dz dt
{
∂φ(1,z)
∂α(1,x)
∂φ(1,t)
α(2,y)
+
∂φ(2,z)
∂α(1,x)
∂φ(2,t)
α(2,y)
}
δ(z − t)
=
∫
dz dt{ − cos θ(z)δ(x− z)ρ(t) sin θ(t)δ(y − t)
+ sin θ(z)δ(x− z)ρ(t) cos θ(t)δ(y − t)}δ(z − t)
=
∫
dz{ − ρ(z) cos θ(z) sin θ(z)δ(x− z)δ(y − z) + ρ(z) cos θ(z) sin θ(z)δ(x− z)δ(y − z)}
= 0 .
0
1 ﬀ % ;%1 2 & 2 02 +1 gα(2,x) α(1,y) = 0
'
gα(2,x) α(2,y) =
∫
dz dt
{
∂φ(1,z)
∂α(2,x)
∂φ(1,t)
α(2,y)
+
∂φ(2,z)
∂α(2,x)
∂φ(2,t)
α(2,y)
}
δ(z − t)
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=
∫
dz dt
{
[−ρ(z) sin θ(z)δ(x− z)][−ρ(t) sin θ(t)δ(y − t)] I( '9J
+ ρ(z) cos θ(z)δ(x− z)ρ(t) cos θ(t)δ(y − t)
}
δ(z − t)
=
∫
dz
{
ρ2(z) sin2 θ(z)δ(x− z)δ(y − z) + ρ2(z) cos2 θ(z)δ(x− z)δ(y − z)
}
= ρ2(x)
(
sin2 θ(x)δ(y − x) + cos2 θ(x)δ(y − x)
)
= ρ(x)2δ(x− y) .
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gα(i,x) α(j,y) =
 1 0
0 ρ2(x)
 δ(x− y)
gα(i,x) α(j,y) = g¯ij
(
α(x)
)
δ(x− y) . I( ':J
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ρ(x) =
∑
p
ρp e
ıpx , θ(x) =
∑
p
θp e
ıpx .
0
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α(i,x) =
∑
q
α(i,q) eıqx . I( '
3
J
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gα(i,p) α(j,q) =
∫
dx dy
∂α(l,x)
∂α(i,p)
∂α(m,y)
α(j,q)
gα(l,x) α(m,y)
=
∫
dx dy
∑
q′
δp,q′δ
l
ie
ıq′x
 ∑
q′′
δq,q′′δ
m
j e
ıq′′y
 g¯lm(α(x))δ(x− y)
=
∫
dx δlie
ıpx δmj e
ıqx g¯lm
(
α(x)
)
=
∫
dx g¯ij
(
α(x)
)
eı(p+q)x
=
∫
dx
 1 0
0 ρ2(x)
 eı(p+q)x . I( 'J
31ﬂ 41 $ 10% 1ﬂ 4,2 $ ﬂ2 42 E∫
dx eı(p+q)x = δ(p+ q) 1∫
dx ρ2(x) eı(p+q)x =
∫
dx
∑
p1
∑
p2
ρp1ρp2 e
ı(p+q+p1+p2)x
=
∑
p1,p2
ρp1ρp2 δ(p+ q + p1 + p2) .
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gα(i,p) α(j,q) =
 δ(p+ q) 0
0
∑
p1,p2 ρp1ρp2 δ(p+ q + p1 + p2)
 . I( 'J
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ρ(x) = ρ0 +
∑
p 6=0
ρp e
ıpx , I( '6J
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ﬂ +1 2 0 ﬀ % ﬃ0 1 E
gα(i,p) α(j,q) '
 1 0
0 ρ0
2
 δ(p+ q). I( '2J
0
ﬂ ﬀ1

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(j,q) α(l,k) '
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gα
(j,q) α(l,k) =
∫
dy
 1 0
0 1
ρ2(y)
 e−ı(q+k)y , I( 'LJ
2 ﬂ 0102 +2ﬂ

1 E
∑
j,q
gα(i,p) α(j,q) g
α(j,q) α(l,k) = I .
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∑
j,q
gα(i,p) α(j,q) g
α(j,q) α(l,k) =
∑
q
∫
dx
∫
dy
 1 0
0 ρ2(x)
 1 0
0 1
ρ2(y)
 eı(p+q)x e−ı(q+k)y
=
∫
dx dy
[∑
q
eıq(x−y)
] 1 0
0 ρ
2(x)
ρ2(y)
 eıpx e−ıky
=
∫
dx
 1 0
0 1
 eı(p−k)x
=
 1 0
0 1
 δ(p− k) = I .
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(ip)
α(jq)α(lk)
& 4ﬃ<1ﬂ 0 E
Γα
(ip)
α(jq)α(lk) =
1
2
gα
(ip)α(mq1)
{
∂gα(jq)α(mq1)
∂α(lk)
+
∂gα(lk)α(mq1)
∂α(jq)
− ∂gα(jq)α(lk)
∂α(mq1)
}
, I( 'J
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∂g
α(2p)α(2q)
∂α(1k)
1ﬂ 2.
 ﬀﬀ1 '

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
1 ﬀ20ﬂ E
∂gα(2p)α(2q)
∂α(1k)
=
∂
∂ρk
(∑
p1,p2
ρp1ρp2δ(p+ q + p1 + p2)
)
=
∑
p1,p2
ρp1δk,p2δ(p+ q + p1 + p2) +
∑
p1,p2
ρp2δk,p1δ(p+ q + p1 + p2)
= 2
∑
p1
ρp1δ(p+ q + k + p1) .
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Γα
(1p)
α(2q)α(2k) =
1
2
∑
q1
gα
(1p)α(1q1)
{
∂gα(2q)α(1q1)
∂α(2k)
+
∂gα(2k)α(1q1)
∂α(2q)
− ∂gα(2q)α(2k)
∂α(1q1)
}
=
1
2
∑
q1
δ(p+ q1)
(
0 + 0− 2 ∑
p1
ρp1δ(q + k + q1 + p1)
)
= −∑
p1
ρp1δ(q + k − p+ p1) . I( '9J
42 0 i = 2 & 

1ﬂ ﬀ % ;% 1 ﬁ2ﬂ1 & ﬂ1 ﬀ ﬀ1 ﬂ m = 2 20
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Γα
(2p)
α(1q)α(2k) = Γ
α(2p)
α(2q)α(1k) =
1
2
∑
q1
gα
(2p)α(2q1)
{
0 +
∂gα(2q)α(2q1)
∂α(1k)
− 0
}
=
1
2
∑
q1
(∫
dy
e−ı(p+q1)y
ρ2(y)
) (
2
∑
p1
ρp1δ(k + q1 + q + p1)
)
=
∑
q1,p1
ρp1
∫
dy
∫
dx
1
ρ2(y)
e−ı(p+q1)ye−ı(k+q1+q+p1)x
=
∑
p1
ρp1
∫
dy
∫
dx
1
ρ2(y)
∑
q1
e−ı(x+y)q1 e−ıpy e−ı(k+q+p1)x
=
∑
p1
ρp1
∫
dx
1
ρ2(x)
e−ı(k+q+p1−p)x . I( ':J
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Γα
(1p)
α(iq)α(jk)
∣∣∣
α(x)=α0
=
 0 0
0 − ρ0
 δ(q + k − p)
Γα
(2p)
α(iq)α(jk)
∣∣∣
α(x)=α0
=
 0 1ρ0
1
ρ0
0
 δ(q + k − p) . I( '63J
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Γk[ρ, θ] =
∫
d4x
{
1
2
gij
(
α(x)
)
∂µα
i(x) ∂µα
j(x) + Uk(α)
}
, I( '6 J
2C gij
(
α(x)
)


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
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Γk[ρ, θ] =
∫
d4x
{
1
2
∂µρ(x) ∂µρ(x) +
1
2
ρ2(x)∂µθ(x) ∂µθ(x) + Uk
(
ρ(x)
)}
=
∫
d4x
{
1
2
∑
p1,p2 6=0
(ıp1)(ıp2)ρp1ρp2e
ı(p1+p2)x +
1
2
∑
q1,q2
ρq1ρq2e
ı(q1+q2)x
· ∑
p1,p2 6=0
(ıp1)(ıp2)θp1θp2e
ı(p1+p2)x + Uk(ρ0) + U
′
k(ρ0) ρ˜(x) +
1
2
U ′′k (ρ0) ρ˜
2(x)
}
= Uk(ρ0)
∫
d4x+
1
2
{
− ∑
p1,p2 6=0
p1 p2 ρp1ρp2
∫
d4x eı(p1+p2)x − ∑
q1,q2
∑
p1,p2 6=0
ρq1ρq2 p1 p2 θp1θp2
·
∫
d4x eı(q1+q2+p1+p2)x + U ′′k (ρ0)
∑
p1,p2 6=0
ρp1ρp2
∫
d4x eı(p1+p2)x
}
= Uk(ρ0) Ω +
1
2
{∑
p 6=0
ρpρ−p
(
p2 + U ′′k (ρ0)
)
− ∑
q1,q2
∑
p1,p2 6=0
ρq1ρq2 θp1θp2 p1p2 δ(q1 + q2 + p1 + p2)
}
. I( '6J
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δΓk
δα(ip)
2 0 p 6= 0 E
∂Γk
∂ρp
= ρ−p
(
p2 + U ′′k (ρ0)
)
−∑
q1
∑
p1,p2 6=0
ρq1 θp1θp2 p1p2 δ(q1 + p+ p1 + p2)
∂Γk
∂θp
= −∑
q1,q2
∑
p1 6=0
ρq1ρq2 θp1 p1p δ(q1 + q2 + p1 + p) .
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δΓk
δαi0
=
 U ′k(ρ0) Ω
0
 . I( '62J
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δΓk
δα(ip)
D p = 0 ﬀ20ﬂ  1 2 ﬂ ﬂ+2ﬂ  1 201 2

1
1ﬂ 4

ﬃ+ﬀ 10 ﬀ 4ﬃ0+ﬃ1 ﬂ1241 41 Γk
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